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1.0  EXECUTIVE  SUMMARY 

This  report  documents  the  results  of  testing  on  two  types  of 
helicopter  transmissions.  The  analysis  of  high  frequency  stress 
wave  data  indicates  various  types  of  problems  that  were  detected 
with  gears  and  bearings  in  both  CH-46  and  OH-58  gearboxes.  The 
types  of  discrepancies  detected  include  shaft  misalignment  as  a 
function  of  flight  loads;  planet  gear/bearing  assembly  damage,  sun 
gear  damage,  wear-in  phenomena,  and  the  presence  of  particulate 
debris  in  the  lubrication  system. 

The  OH-58  data  analyzed  in  this  report  was  obtained  from  a  test 
cell  transmission  operated  by  NASA  Lewis  as  part  of  a  program  to 
evaluate  advanced  lubricants.  The  high  frequency  stress  wave 
sensors  and  tape  recorders  were  provided  by  NADC  Warminster  but 
were  installed  and  data  recorded  by  NASA  Lewis  personnel. 
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2.0  INTRODUCTION 

This  section  will  discuss  the  opera t ing  principles  of  Stress  Wave 
Analysis  and  define  some  of  the  terms  associated  with  its  use.  It 
will  also  describe  the  objectives  of  this  project  and  the 
instrumentation  system  used  to  record  and  analyze  the  stress  wave 
data  . 

2.1  Stress  Wave  Analysis 

Stress  Wave  ANalysis  (SWAN)  is  an  instrumentation  technique  for  the 
direct  measurement  of  friction  and  shock  in  rotating  machinery. 
This  technique  is  relatively  insensitive  to  background  levels  of 
sound  and  vibration,  and  has  shown  the  ability,  in  a  test 
environment,  to  detect  impending  failure  of  gears  and  bearings  in 
helicopter  transmissions  and  drive  shaft  bearings.  The  SWAN 
technique  provides  a  quantitative  measure  of  friction  and  shock 
energy  which  is  related  to  the  amount  of  damage  in  gears  and 
bearings  (see  Figures  1  &  2). 

This  computed  Stress  Wave  Energy  (SWE)  can  be  recorded  for 
trending.  When  SWE  increases  dramatically,  it  signifies  a 
distressed  operating  condition  and  possible  impending  failure. 
This  allows  maintenance  personnel  to  trend  SWE  readings  and 
schedule  their  corrective  actions  for  both  maximum  efficiency  and 
minimum  downtime.  Early  detection  of  abnormal  Stress  Wave  Energy 
levels  can  provide  significant  benefits  by: 

1. )  Avoiding  unscheduled  downtime  due  to  unforseen  bearing 

and  gear  failures. 

2. )  Eliminating  unnecessary  preventive  maintenance  (such  as 

time  based  precautionary  overhauls. 

3. )  Alerting  maintenance  personnel  to  situations  which  cause 

premature  failure  (  such  as  misalignment  and  contaminated 
lubricant)  . 

4. )  Avoiding  catastrophic  failure  resulting  in  serious 

secondary  damage  and  safety  hazards. 

SWAN  can  also  be  an  effective  tool  at  the  depot  level.  Here  it  can 
be  used  to  localize  damaged  components  within  a  gearbox  prior  to 
disassembly,  and  to  provide  a  final  check  of  overhauled  units,  thus 
reducing  Infant  mortality  rates.  This  fault  location  can  be 
accomplished  by  using  the  time  history  of  stress  wave  amplitude,  or 
stress  wave  pulse  train.  The  stress  wave  pulse  train  can  be 
analyzed  to  determine  its  spectral  content  (pulse  amplitudes  as  a 
function  of  the  repetitive  frequencies  at  which  they  oc^ur).  This 
type  of  algorithm  is  called  the  Stress  Wave  Power  Spectral  Density 
( SWPSD ) . 

h 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


p"  ^  O 

03  O  O 

^  «  c 

40  _  d) 

c  c  > 
O  o  <!> 
o 

-c  2  iS 
y  3  o 

^  -D  -C 
>  .  <0 
>  0) 

0)  d  *0 

3  m  c 

$  “ " 
■O  0)  o 
(1)  *0  ^ 
3  a  y 

Q.  ^  .t 


CO  Jr  ^ 

>  ^  u 

c  c  t 

e  o)  ° 

^  r'l 


<j  5  0) 
c  -Q  — 

2  -O  -2^  • 
d)  03 

'S-  =  d) 
2  03  d 
d 

03  (0  d) 

cn  <0  £ 

X3  Q. 


c  03  S. 

I  § 


CT  ^  < 

a>  n  Q.  '!> 

C  O  ® 

4U  -5  Q  CO 

©  >  Of  ® 

I  s  ™  ^ 

>  S  E  E 

trt  c  ®  fC 
t  ri  n 


0pn|i|dmv  asin<j  sapm  sssjis 


i:  gj  C 

~ 

■O^  ^ 
O  TZ 
r:  03  ^ 

a 

-D  O  9 

^  i  C 


c  £  “ 

S  re  5 

^  01  CO 

- 

2^^  £ 

<D  >  «i= 

c  03  CO 

<t»  $  03 


2 

3  "g  C 

re  -  I 
5  re  S 
o  o  ^ 

^  </)  £3 


3  £  C 

*-  >  re 
<J  re  > 
3  §  re 

^  o 


H  W  ^ 


re  -2- 

I  g  o 
?  §  9 

O'  CO  i: 


d)  ?  -o 
■a  i  re 
“2  o 

—  jt  o 

CJ  W 

ai  re  re 

c  -Q  o 


re  o  "o 

03 

•S  2  g 
°  2  5 

iO  03  C 

t:  d  ^ 

2  d)  o 

d  (o 


3  C  0)  *5 
,  03  .C  ° 

^  ^  CO 

5  9 

c  (0  C 

5-  0) 

) 

-  C  C  03  • 

j  g)  0)  (/> 

c/’  £  "  . 

j  CO  Q.y 

’£ 

)  H~  o 

>  .  U  0) 

>  re  c  ^ 

i  £.  o  »-  . 
g>  .s  o 

;  to  ^ 

iref^- 

>  ,y  >  3  , 

)  .t  "O  o 

'  ^  re  . 

>  -OH 

s  ™  1-' 

>  £  "CO  $  ■ 

0)  > 

>  E  - 
:  o;  re  0) 

5  -c 


r  d>  o;  . — .  . 

>  s  o 
i  s  g  to 
c  o  c  <; 

>  C~  fc- 

y  s  c 

■5  “  2  ■ 

i  -a  ~ 

'  •:=  £  "O  ■ 

;  2  re  S 

y)  ^  O 

1  >--;=  O 


1  O  re 

■u?l^ 

>-  re  o)  re 
re 

Is  g’re 

IeH 


;  CD  CO 

:  c  0  c 

:  "D  E  -o 

)  c  .=  c 

)  0)  o  <i> 

.  i:  ^  Q. 

; 

:  0 
■  O  to  ^ 

^  (/)  C  to 
»  0)  0  to 
•  ^  0)  O 

:l  5  a 

.  U  0  TO 

’  re  ^  c 

>  £  O 

r*^  ‘p  S 
>00  = 
L  CO  ^ 

>  c  re  -o 

,  0  0  C 
■D  ^  O 


K  TO  ^  ° 

’^g-  re  2 

!  §5  g 

i  g  re 

!  o  2  I 

'  -Q  c/3  -D 

iE^ 

'  o 

>0^0 

;  0  <1^  'E 

I  -  c 

,05a) 

,  to 

c  0  ^ 
TO  E  - 
'•  0  ^  nC 


9^2 

CO  G.  E 


s  ^ 

aS  2  re 


Report  No.  NADC-91069-60 
Contract  No.  N62269-85-R-0278 


Both  SWE  and  SUPSD  have  been  successfully  used  to  diagnose  the 
condition  of  gears  and  bearings  in  numerous  types  of  mechanical 
drive  trains,  including  automotive  and  helicopter  transmissions. 
SWE  has  the  advantage  of  being  a  highly  trendable  symptom  that  can 
be  employed  to  both  detect  and  quantify  a  broad  range  of  damage 
levels  in  gear/bearing  systems.  It  is  also  highly  sensitive  to 
lubrication  quality,  lubricant  contamination,  and  abnormal  preloads 
due  to  such  causes  as  misalignment  or  improper  build-up  during 
o V e r ha u 1 / r epa  i  r  .  SWPSD  has  the  advantage  of  being  extremely 
sensitive  to  very  small  (early)  levels  of  damage  and  the  capability 
to  localize  the  fault  to  a  particular  gear  or  bearing,  and  even  to 
an  individual  race  or  rolling  element  within  a  bearing. 

2.2  Teat  objectives 

Ihe  original  objective  of  this  project  was  to  collect  and  analyze 
stress  wave  data  from  6  CH-46  aircraft  over  a  period  of  several 
months  for  two  purposes: 

1. )  To  investigate  some  anomalous  stress  wave  data  previously 

acquired  from  the  aft  transmission  input  pinion  of  an 
aircraft  at  Cherry  Point. 

2. )  Obtain  sufficient  baseline  data  to  establish  caution  and 

warning  thresholds  on  selected  critical  drive  train 
component  s . 

After  several  years  of  attempting  to  gather  data  from  operational 
aircraft,  data  had  been  obtained  from  only  two  aircraft.  It  was 
decided  that  the  baseline  data  collection  objective  was  not 
feasible  within  the  program  budget.  The  data  from  two  H-46 
aircraft  was  employed  to  investigate  the  input  pinion  anomaly. 

In  pi  ace  of  the  baseline  data  from  operational  aircraft,  sensors 
were  installed  and  data  collected  from  an  0H-5B  main  rotor 
transmission  under  test  for  just  over  1B3  operating  hours  in  a  load 
cell.  This  testing  was  being  conducted  under  separate  funding  for 
the  evaluation  of  advanced  lubricants. 

The  objective  of  this  OH-58  data  collection  and  analysis  effort  was 
to  see  if  the  Stress  Wave  Analysis  parameters  of  Stress  Wave  Energy 
(SWE)  and  Stress  Wave  Power  Spectral  Density  (SWPSD)  could  be 
correlated  with  naturally  occurring  gear  and  bearing  damage.  The 
stress  wave  analysis  was  conducted  " i n- 1 he-b 1 i nd "  with  no 
information  provided  on  discrepant  conditions  encountered  during 
the  testing  and  data  collection. 

Thus  the  revised  program  objectives  became; 

1.)  To  investigate  some  anomalous  stress  wave  data  previously 
acquired  from  the  aft  transmission  input  pinion  of  an 
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H-46  aircraft  at  Cherry  Point. 

2.)  To  see  if  the  Stress  Wave  Analysis  parameters  could  be 
correlated  with  naturally  occurring  gear  and  bearing 
damage . 

2.3  Instrumentation 

All  the  data  collection  efforts  and  instrumentation  for  this 
project  were  supplied  by  government  personnel. 

The  same  basic  instrumentation  was  used  for  data  collection  on  both 
of  the  H-46  aircraft  and  from  the  H-58  transmission  in  the  test 
cell.  This  data  collection  hardware  consisted  stress  wave  sensors 
with  built-in  amplifiers  powered  by  an  external  power  supp'  ■  and  a 
Wide  Band  Group  II  FM  tape  recorder  capable  of  recording  data  from 
DC  to  62,000  Hz. 

For  some  unknown  reason,  data  collection  personnel  changed  the  gain 
of  the  tape  recorder  between  CH-46  aircraft  #01  and  #04.  This  was 
done  for  all  channels  except  the  one  used  for  recording  the  sensor 
located  on  the  transmission  input  pinion.  This  means  that  making 
a  direct  comparison  between  SWE  levels  on  these  two  aircraft  is  not 
valid  for  any  sensor  location  other  than  the  transmission  input 
pinion.  This  data  collection  procedural  change  does  not 

significantly  effect  the  spectral  analysis  of  the  stress  wave  pulse 
train,  nor  the  relative  levels  of  SWE  as  a  function  of  torque  on 
aircraft  #01. 

Data  was  analyzed  by  playing  the  taped  stress  wave  senso'  signal 
into  a  SWAN-1  BEARING/GEAR  ANALYZER  which  computed  the  Stress  Wave 
Energy  and  provided  the  filtered  and  demodulated  Stress  Wave  Pulse 
Train  signal  for  spectral  analysis.  The  SWE  data  was  processed  by 
a  personal  computer  spreadsheet,  and  the  SWPT  was  processed  into 
the  frequency  domain  using  a  400  line  digital  FFT  spectrum 
analyzer  . 
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3.0  CH-46  Aft  Transmission  and  Mix  Box  Data  Analysis 
3.1  Test  Description  and  Sensor  Locations. 

As  previously  mentioned,  the  H-46  testing  was  intended  to  determine 
whether  or  not  abnormal  fatigue  stresses  were  being  generated  on 
the  aft  rotor  transmission  input  pinion  or  its  associated  quill 
shaft  between  the  mix  box  and  the  aft  rotor  transmission.  Data  was 
acquired  from  only  two  aircraft  at  11  different  sensor  locations. 
Only  five  of  the  sensor  locations  provided  data  relevant  to  quill 
shaft  loading  question  and  only  data  from  these  five  sensor 
locations  has  been  analyzed  under  this  contract.  The  five  sensor 
locations  are: 


1.  the  left  side  (#1)  input  pinion  to  the  mix  box  (engine 
combining  transmission)  (sensor  location  f7), 

2.  the  right  side  (#2)  input  pinion  to  the  mix  box  (engine 
combining  transm  i  ss  i  o'' 1  (sensor  location  |5), 


3  . 

the  left  side  (#1) 

1 ocat ion  |8  )  , 

mix  box  idler  gear 

shaft 

(sensor 

4  . 

the  right  side  (#2) 

1 ocat i on  |6 ) ,  and 

mix  box  idler  gear 

shaft 

(sensor 

5  . 

the  aft  rotor  transmission  input  pinion 

1 ocat ion  # 1 ) . 

housing 

(sensor 

Data  at  all  sensor  locations  on  both  aircraft  was  acquired  at  8 
different  flight  conditions  with  corresponding  torque  levels  that 
ranged  from  17%  to  68%  of  maximum  torque.  These  8  Flight 
conditions  are  described  as  follows: 

1.  Ground  flat  pitch  -  17%  torque 

2.  Light  on  gear  -  28%  torque 


3  . 

4  . 

5  . 

6  . 

7  . 

8  . 


Hover  in 
Roll i ng 
Ro  1  1  i  ng 
F  or ward 
Forward 
Forward 


ground  effect  -  68%  torque 
with  nose  gear  on  ground  -  25%  torque 
with  nose  gear  off  the  ground  -  42%  torque 
flight  at  20  knots  -  60%  torque 
flight  at  60  knots  -  50%  torque 
flight  at  100  knots  -  58%  torque 
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3.2  Data  Analysis 

Data  analysis  consisted  of  calculating  the  mean  and  standard 
deviation  for  computed  SUE  values  on  each  aircraft,  at  each  torque 
level,  at  each  of  the  five  sensor  locations  previously  described. 
Tables  I  through  V  provide  a  summary  listing  of  this  SUE 
statistical  analysis.  Data  analysis  also  included  plotting  one  or 
more  Power  Spectral  Density  plots  for  each  sensor  location  and 
torque  combination  on  each  of  the  aircraft.  All  the  CH-46  spectral 
data  is  contained  in  Appendix  A  to  this  report. 

3.2.1  Previous  Experience 

As  discussed  above  in  section  2.2,  some  anomalous  stress  wave  data 
had  been  acquired,  using  the  SWAN-1  analyzer,  from  an  aircraft  at 
Cherry  Point,  prior  to  this  project.  Figure  3  summarizes  the 
anomaly  encountered  during  that  prior  effort  (in  this  report  the 
aircraft  is  assigned  an  ID  number  of  “OO"). 

The  data  acquired  from  aircraft  00  was  limited  to  SUE  readings  at 
three  sensor  locations:  the  two  mixbox  input  pinions  and  the  aft 
transmission  input  pinion.  Data  was  acquired  at  three  torque 
levels:  171,  49^1,  and  571.  These  torque  levels  correspond  to  a 

flat  pitch  ground  run  (171),  light  on  gear  with  nose  gear  off  the 
ground  (491),  and  hover  In  Ground  Effect  (IGE)  at  a  torque  of  571. 
The  torque  mismatch  between  engines  did  not  exceed  21  and  did  not 
contribute  significantly  to  differences  in  SUE  readings. 

The  differences  that  do  exist  between  the  #1  and  #2  input  pinions 
are  small  in  terms  of  the  SUE  variation  that  would  indicate 
significant  gear  or  bearing  degradation.  These  differences  are 
associated  with  the  normal  variations  in  gear,  bearing,  and  build¬ 
up  to! erances . 

The  “peaking"  of  the  transmission  pinion  SUE  at  491  torque, 
relative  to  its  lower  values  at  171  and  571  is  unusual.  It 
would  be  expected  to  increase  smoothly  with  increasing  torque 
levels,  as  did  the  SUE  at  both  of  the  input  pinions.  The  source  of 
this  elevated  SUE  is  unknown  but  may  be  indicative  of  an 
undesirable  operating  condition. 

The  data  acquired  under  this  effort  from  aircraft  01  and  04  was 
analyzed  to  see  if  the  "peaking"  of  the  transmission  pinion  SUE  at 
less  than  max  torque  was  present,  and  if  so,  what  SWPSD  changes 
could  be  associated  with  this  phenomenon. 

3.2.2  Aircraft  01  and  04 

3.2.2.  1  Stress  Wave  Energy  Measurements 

Figures  4  and  5  show  the  SUE  vs.  Torque  for  the  same  sensor 
locations  on  aircraft  |01  and  #04.  These  figures  show  that 
aircraft  #04  did  exhibit  a  "poaking"  character  i  .st  i  c  of  the 
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1  33254 

0.0193 
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0.0243 
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0.0166 

5 

42 

1  35795 
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331505 
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111563 

934 
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0.0084 

7 

50 

50359 

2695 

58445 

0.0535 

118980 
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125139 

0.0173 

8 

58  ■ 

55074 

7:30 

76465 

0.1295 

101161 

2062 

107346 

0.0204 

i 

60 

38143 

2140 

44563 

0.0561 
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10257 

117942 

0.1177 

3 

68 

41556 

1344 
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0.0323 
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0.0219 

TABLE  I 

CH-46  STATISTICAL  SWB  DATA,  SBNSOR  #1 
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29182 
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66 
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0.1100 

8 
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30759 

1145 

34196 
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0.0538 
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43750 

0.0484 
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26 
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34832 
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37107 

0.0218 
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23 
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1  C 

17 
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2680 
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0.0469 

2 

28 
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1  3595 

335788 

0.0461 
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0.0920 

5 

42. 

229296 

2894 

237980 

0.0126 

44402 

1633 

49302 

0.0368 

7 

50 

211350 

1634 

216253 

0.0077 

34106 
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37077 

0.0290 

8 

58 

221  571 

5736 

238779 

0.0259 

31977 

407 

33198 

0.0127 

i 

60 

2631  05 

9853 

292663 

0.0374 

33689 
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35116 

0.0141 

3 

68 

248022 

4072 

260238 

0.0164 

31135 

275 

31959 

0.0083 

TABLE  II 

CH-46  STATISTICAL  SWB  DATA,  SENSOR  #5 
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TABLE  III 

CH-46  STATISTICAL  SWB  DATA,  SENSOR  «6 
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60 

207508 

6036 

CO 

0.0281 

58024 

1388 

63190 

0.0235 

3 

.68 

1 3-075 

3713 

200215 

0.0186 

55573 

732 

57769 

0.01:2 
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XOCR  COHO. SENS. 

T-X 

HEAN 

SIGHA 

n  t  3  SI6  SI6/hEAN 

HEAN 

SIBHA 

H  ♦  3  SJ6  S16/HEAH 

8  18 

17 

17410 

217 

18060 

0.0125 

2096 

561 

3778 

0.2676 

25 

21172 

1026 

24251 

0.0485 

7009 

317 

9460. 

0.1166 

2  — 

28 

20576 

2394 

27757 

0,1163 

7684 

770 

9993 

0.1002 

5 

42 

19171 

417 

20423 

0.0218 

3907 

1023 

6974 

0.2618 

7 

5C 

21463 

424 

22734 

0.0197 

4258 

668 

6262 

0.1566 

8 

58 

22404 

317 

23356 

0.0142 

4043 

247 

4735 

0.0612 

6 

60  ' 

21376 

771 

23689 

0.0361 

3739 

576 

5467 

0.1541 

3 

68 

2031  8 

1696 

25405 

0.0335 

1469 

256 

2237 

0.1744 

8  1  C 

17 

97606 

45753 

234365 

0.4688 

47614 

14813 

92055 

0.3111 

4 

25 

1 643'C 

6086 

182628 

0.0370 

80808 

4737 

95019 

0.0586 

•) 

28 

160741 

13900 

202442 

0.0365 

84949 

4244 

97680 

0.0500 

5 

42 

15T825  ‘ 

2366 

158923 

0.0156 

6284! 

5915 

80585  ’ 

0.0941 

7 

50 

166044 

2151 

172496 

0.0130 

64246 

4807 

78666 

0.0748 

6 

V 

53 

171548 

1503 

176058 

0.0088 

63969 

1274 

67792 

0.0199 

6 

60 

163135 

3680 

174174 

0.0226 

62044 

3339 

■2061 

A  Af 

v.vScb, 

•i 

63 

157509 

9730 

186697 

0.061S 

48543 

1725 

5371  7 

0,0355 
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TORQUE  LEVEL 
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t ranam i 33 i on  pinion  SWE  when  the  aircraft  waa  taxiing  with  the  noae 
gear  off  the  ground,  but  that  aircraft  #01  did  not.  Aircraft  #01 
had  its  maximum  transmission  pinion  SWE  at  its  minimum  torque, 
which  is  just  as  odd  as  having  it  at  a  mid-level  torque.  In 
addition,  due  to  an  erroneous  gain  setting  on  the  instrumentation 
tape  recorder,  the  SWE  values  for  the  mixbox  input  pinions  of 
aircraft  #01  are  significantly  less  than  the  corresponding  values 
on  aircraft  #00  and  #04. 

Figures  6  through  10  provide  a  more  detailed  picture  of  the  SWE  va . 
torque  characteristics  at  each  sensor  location  on  both  aircraft. 
Figure  6  shows  the  mean  SUE  reading  obtained  from  the  sensor 
located  on  the  transmission  input  pinion  housing  at  each  flight 
cond i t i on/torque  level.  The  first  notable  feature  in  this  bar 
graph  is  that  the  SWE  for  both  aircraft  is  highest  at  the  lower 
levels  of  torque.  This  characteristic  is  most  apparent  on  aircraft 
#01  .  The  SUE  fluctuations  from  one  torque  level  to  another,  are 
most  pronounced  on  aircraft  #04  which  has  its  highest  SUE  at  421. 
torque  when  the  aircraft  is  taxiing  with  its  nose  gear 
approximately  3  feet  off  the  ground.  Aircraft  #04  has  SWE  highs 
that  are  more  than  3.5  times  as  much  as  its  lows.  Finally  it  should 
be  noted  that  aircraft  #01  had  generally  higher  SUE  readings  than 
aircraft  #04.  This  is  particularly  evident  at  torques  of  501.  or 
more,  where  aircraft  01  generates  slightly  more  than  twice  as  much 
SUE  at  the  transmission  input  pinion  sensor  location. 

Figures  7  and  8  illustrate  the  mean  SUE  readings  obtained  from  the 
sensors  located  on  the  input  pinion  housings  of  the  mixbox  engine 
combining  transmission.  Data  was  acquired  from  these  sensor 
locations  at  two  sensitivity  settings  on  the  SWAN-1  instrument,  but 
the  readings  at  sensitivity  C  are  probably  most  accurate  since  the 
recorded  stress  wave  signals  were  closest  to  the  middle  of  the 
instruments  dynamic  range  for  both  aircraft.  Figure  7  shows  the 
SWE  detected  on  the  #1  input  pinion  and  Figure  8  shows  the  SUE 
detected  on  the  #2  input  pinion. 

The  difference  between  SUE  levels  on  aircraft  #01  and  #04  is 
primarily  due  to  the  difference  in  tape  recorder  gain  settings. 
However,  it  is  clear  that  the  aircraft  #04  SWE  fluctuated  more 
dramatically  as  a  function  of  torque,  than  it  did  on  aircrafc  #01. 
It  should  also  be  noted  that  the  maximum  and  minimum  values  of  SWE 
occur  at  different  torque  levels  on  each  input  pinion,  and  that 
this  is  true  for  both  aircraft. 

Figures  9  and  10  show  the  mean  SWE  readings  obtained  from  the 
sensors  located  on  the  idler  gear  housings  of  the  mixbox.  Data  was 
also  acquired  from  these  sensor  locations  at  two  sensitivity 
settings  on  the  SWAN-1  instrument,  but  the  readings  at  sensitivity 
C  are  probably  most  accurate  due  to  the  previously  mentioned 
dynamic  range  considerations.  Figure  9  shows  the  SWE  detected  on 
the  #1  idler  gear  and  Figure  10  shows  the  SWE  detected  on  the  #2 
aide  of  the  mixbox. 
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Figure  7A  -  MIX  BOX  #2  tNGINE  INPUT  PINION  HOUSING 
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Figure  8A  -  MIX  BOX  #2  ENGINE  INPUT  PINION  HOUSING 
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Again,  the  difference  between  SWE  levels  on  aircraft  #01  and  #04  is 
primarily  due  to  the  difference  in  tape  recorder  gain  settings. 
Aircraft  #01  exhibits  the  largest  range  of  SWE  levels  over  the  171- 
68%  torque  range.  This  is  evident  in  Figure  10a,  which  shows  the 
SWE  levels  measured  on  the  #2  side  idler  gear  housing.  Aircraft 
#01  has  SWE  highs  that  are  more  than  3.5  times  as  much  as  its  lows. 


3. 2. 2. 2  Stress  Wave  Power  Spectral  Density  Measurements 

Figures  11,  12,  and  13  illustrate  the  gear  and  bearing 
characteristic  frequencies  in  the  H-46  drive  train  and  the  stress 
wave  sensor  locations.  When  spectral  lines  are  present  with 
amplitudes  more  than  10  db  above  background  levels,  they  are  often 
close  to  one  of  these  frequencies  or  their  harmonics. 

Transmission  Input  Pinion  (Sensor  Location  #1) 

No  significant  (  >10  db  above  background  )  spectral  lines  were 
observed  at  any  torque  level  on  aircraft  #1.  Figures  14,  15,  and 
16  are  representative  spectra  at  17%,  42%,  and  68%  torque. 

On  aircraft  #04,  a  126  Hz  spectral  line  of  slightly  more  than  10  db 
amplitude  appeared  during  data  acquisition  at  42%  torque  (nose  high 
taxi)  but  then  decayed  to  an  insignificant  amplitude.  At  the  same 
time  that  the  PSD  changed,  the  SWE  dropped  suddenly  from  a  mean 
value  of  164,389  to  53444.  This  is  illustrated  in  Figures  14,  15, 
and  16.  The  126  Hz  frequency  could  be  caused  by  either  the  blower 
drive  or  one  of  the  idler  gears  in  the  mix  box.  It  is  likely  that 
this  abrupt  change  in  the  stress  wave  energy  and  spectral  content 
was  due  to  the  pilot  putting  the  nose  gear  back  down  on  the  ground, 
although  this  was  not  noted  on  the  voice  track  of  the  tape  recorded 
data.  Figures  17,  18,  and  19  are  representative  spectra  at  17%, 
42%,  and  68%  torque. 

M i X  Box  X ? _ Input  Pinion  (Sensor  Location  #5) 

No  significant  spectral  lines  more  than  10  db  above  background 
levels  were  observed  at  any  torque  level  on  either  aircraft.  The 
only  clearly  distinguishable  spectral  line  is  at  the  1/rev  and 
harmonics  of  the  mix  box  input  pinion  gear.  This  cha rac t er i a t i c  is 
most  evident  on  aircraft  #01  ,  where  it  is  present  at  all  torque 
levels.  Figures  20,  21,  and  22  are  representative  spectra  at  17%, 
42%,  and  60%  torque. 

Mix  Box  #1  Input  Pinion  (Sensor  Location  #7) 

No  significant  spectral  lines  more  than  10  db  above  background 
levels  were  observed  at  any  torque  level  on  aircraft  #04.  The  only 
clear  ly  d  istinguishable  spectral  lines  on  thi.s  aircraft  are  at  the 
1/rev  of  the  mix  box  input  pinion  gear  and  at  75  Hz  which  may  be 
related  to  the  aft  transmission  oil  scavenge  pump  (refer  to  item  16 
in  Figure  11).  Aircraft  #01  exhibits  strong  .spectral  lines 
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Table  VI 

H-46  Power  Spectral  Density  Identification  Code 

At  the  top  of  each  Power  Spectral  Density  sheet  i 
identification  code  of  the  fora: 

H4601  171  1.3 

This  code  can  be  interpreted  as  follows; 


Character  No. 

1-3 

4&5 

6S.7 

8 

9 

10 


spectra  1 

range  code 

.  1 

=  50  Hz 

.  2 

=  250  Hz 

.  3 

=  1250  Hz 

.  4 

=  5000  Hz 

_ Mean i nq _ 

H46  =  aircraft  type 
01  =  aircraft  number 
17  =  operating  torque 
1  =  flight  condition 
1  =  sensor  number 
.3  =  spectral  range 

is  as  follows: 
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associated  with  the  1/rev  and  harmonics  of  the  mix  box  input  pinion 
gear.  This  occurs  only  at  the  lower  torques  of  171i  to  28%.  The 
fact  that  the  second  harmonic  frequency  at  650  Hz  has  the  highest 
amplitude  (approximately  20  db)  may  be  an  indication  that  this 
frequency  is  being  strengthened  by  a  source  other  than  the  pinion 
gear.  The  most  likely  candidate  for  this  second  650  Hz  source  is 
a  rolling  element  in  the  idler  gear  aft  support  bearing  (refer  to 
item  12  in  Figure  13). 

Figures  23,  24,  and  25  are  representative  spectra  at  17%,  42%,  and 
68%  torque. 


Hix  Box  #2  Input  Idler  Gear  (Sensor  Location  #6) 

Aircraft  #01  exhibits  strong  spectral  lines  associated  with  the 
1/rev  and  harmonics  of  the  mix  box  input  pinion  gear.  The  325  Hz 
1/rev  amplitudes  of  this  pinion  are  in  excess  of  10  db  above 
background  levels  at  all  torques  except  68%,  where  it  drops  to  just 
about  10  db .  In  addition,  the  amplitude  of  this  spectral  line  and 
associated  SWE  levels  were  observed  to  fluctuate  significantly 
while  operating  at  a  constant  torque  Figures  26,  27,  and  28 
illustrate  the  spectral  changes  that  were  associated  with  SWE 
readings  that  ranged  from  87,045  to  146,671  while  operating  at  25% 
torque.  These  abnormally  high  SWE  fluctuations  were  only  observed 
at  the  lower  operating  torques  of  17%  to  42% 

Aircraft  #04  also  had  a  325  Hz  spjctral  line  that  was  just  over  10 
db ,  but  only  at  the  minimum  operating  torque  of  17%.  There  are 
three  other  spectral  lines  worthy  of  note  in  the  data  acquired  from 
aircraft  #04;  68  Hz,  126  Hz,  and  50  Hz.  The  68  Hz  line  corresponds 
to  the  outer  race  defect  frequency  of  the  planet  bearing  in  the 
main  transmission.  This  spectral  line  exceeded  the  10  db  limit 
only  at  25%  torque  and  is  shown  in  Figures  29  and  30.  The  126  Hz 
line  never  exceeds  10  db  above  backgrouna,  but  corresponds  to  the 
1/rev  of  the  idler  gear  assembly  and  the  1/re.  of  the  blower  drive 
gear  assembly  (refer  to  items  4  Si  7  i  n  Figure  11).  This  frequency 
could  also  be  related  to  cage  rubbing  in  one  of  the  mix  box  input 
pinion  bearings  (refer  to  item  15  in  Figure  13).  The  50  Hz 
spectral  line  only  exceeds  10  db  at  50%  torque  (see  Figure  31),  and 
is  most  probably  a  cage  r"b  frequency  from  one  of  the  idler  gear 
assembly  bearings  (refer  to  items  12  and  13  in  Figure  13). 

Figures  32,  33,  and  34  are  representative  spectra  at  17%,  42%,  and 
68%  torque . 

Mix  Box  #1  Input  Idler  Gear  (Sensor  Location  fB) 

No  significant  spectral  lines  more  than  10  db  above  background 
levels  were  observed  at  any  torque  level  on  aircraft  #04.  The  only 
clearly  distinguishable  spectral  lines  on  this  aircraft  are  at  the 
1/rev  of  the  mix  box  input  pinion  gear.  Aircraft  #01  exhibits 
strong  spectral  lines  associated  with  the  1/rev  and  harmonics  of 


RANGE*  13  dBV  STATUS:  PAUSED 

:  MAG  H460 11717.3  RMS:  25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


»-H  QQ  T3  O  CD 

■D  \  I 


START:  0  Hz  BW:  11.936  Hz  STOP:  1  250  Hz 

X:  325  Hz  Y:-20.  41  dBV  THD:  10.80  dB 


RANGE:  -51  dBV  STATUS:  PAUSED 
1  STORED  H46C41717.  3  RMS:  25  OVLD 


< 


Report  No.  NADC-91 069-60 


Contract  No.  N62269-85-R-0278 


t-h  CD  T)  CD 

T3  \ 


N 

I 

O 

UD 

OJ 


O- 

Q 

I- 

U1 


u 

D 

O 

o 

E- 


X 

o 


«»• 

O 

H 

X 

< 

u 


I 

X 


N 

I 

CD  > 
00  CD 
O)  T) 


^  CD 

..  in 

^  CM 
CD  I 


N 

I 

N 

O  X 

^  ID 
h-  r\j 
-H  cr  CD 

CD  < 

I  h-  .. 
CD  X 


53 


RANGE:  13  dBV  STATUS:  PAUSED 

,  MAG  H46014257.  3  _ RMS:  25 _ 


Report  No.  NADC-91069-60 
Contract  No.  N62269-85-R-0278 


> 

Q  m 
-  xj  a 
\ 


-67 _ 

START:  0  Hz  BW:  11.936  Hz  STOP:  1  250  Hz 

X:  325  Hz  Y:-19.  29  dBV  THD:  -2.  40  dB 


RANGE:  -51  dBV  STATUS:  PAUSED 
:  STORED  H46044157. 3  RMS: 25 


< 


Report  No.  NADC-91 069-60 


Contract  No.  N62269-85-R-0278 


M 

>  h- 


>  h- 

o)  >  o  ID  q: 

»-•  CD  "D  CD  (D  "< 

T)  \  I  h- 

LO 


> 

m 

T) 


O) 

•—I 

I 

M 

>• 


N 

X 

in 

(\j 


CD 

(\J 

(D 


X 


c 

r 

C 

i 

C 

u 


RANGE:  9  dBV  STATUS:  PAUSED 

:  MAG  H46016837.  3  RMS:  25  OVL 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


START:  0  Hz  SW;  11.936  Hz  STOP:  1  250  Hz 

X:  325  Hz  Y:  -23.  05  dBV  THD:  3.01  dB 


RANGE:  -51  dBV  STATUS:  PAUSED 
»  STORED  H46046837.  3  RMS:  25 


Report  No.  NADC-91 069-60 


Contract  No.  N62269-85-R-0278 


»— I  CD  'D  Q  to  ^ 

T)  X  I  H 

U) 


> 

CD 

T) 

(D 

CM 

rr) 

I 

M 


N 

I 

in 

CM 


•• 

X 


c 

u 

r 

c 

i 

I 

L 


57 


RANGE:  -21  dBV  STATUS:  PAUSED 
MAG  1H46012546.  3  RMS:  25 


Report  No.  NADC-91069-60 


START;  0  Hz  BW;  1  1.936  Hz  STOP:  1  250  Hz 

X;  325  Hz  Y:  -0.  94  dBV  THD:  -9.  05  dB 


RANGEi  -21  dBV  STATUS:  PAUSED 
1  MAG  2H46012546.  3  RMS:  25 


..  ID 

>  I-  (\J 

in>  am--'*  inmm 

CD  (D  < 

\  I  j-  .. 

CO  X 


RANGE?  -21  dBV  STATUS:  PAUSED 
I  MAG  3H46012546.  3  RMS:  25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


> 

ID  >  a  CD  •-  in 

.-CD  1}  D  ID 

X)  \  I 


START:  0  Hz  BW:  11.936  Hz  STOP:  1  250  Hz 

X:  325  Hz  Y:-5.  21  dBV  THO: -4.  13  dB 


RANGE:  7  dBV  STATUS:  PAUSED 

MAG  H46042546.  2  RMS: 25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


,CL 

;o  m 

•I-  T3 

[U) 

I  CD 
00 


^  ^  M 


:iN  CD 
ICD  TO 
(CT) 

:  .  (O 

loj  r- 


N 

rj  I 
I 

in 

O  C\J 


> 

CD 

T) 


> 

CO  CD  V- 

--  x)  a 


h-  CD 
00  CL'  CD 
h'  < 

I  I--  .. 
CD  >: 


RANGE:  7  dBV  STATUS:  PAUSED 

:  MAG  H46042546.  RMS:  10 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


m 

T) 


a  CD  — 

T)  Q 
\ 


~  N 

x 

lo 

:a 


iz 
'  < 
Iq. 

jC/1 


u 

D 

o 

cc 

o 

£- 


I 


1 


(N 


X  1 

N 

o 

n 

o  : 

X 

02  1 

2  1 

E 

OJ 

L. 

W  , 

3 

02  i 

1 

in 

> 

Oi 

CD 

CD 

u. 

V  i 

O 

1 

• 

T) 

H 

b 

in 

< 

X 

O) 

u 

• 

•• 

< 

CM 

ICD 

1 

•  • 

1  1 

>- 

X 

in 

i 

(\i 

• 

N 

1 

CD 

X 

,CD 

1 

in 

l 

1  •• 

X 

t 

UJ 

IN 

CD 

h- 

CD 

r- 

z 

1 

U1 

•  ■ 

C  ) 

>C 

62 


RANGE:  9  dBV  STATUS:  PAUSED 


RANGE:  15  dBV  STATUS:  PAUSED 

:  MAG  H46011716.  3  RMS:  25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


^  CQ  —•'DO  (D 

XI  \  I 


START:  0  Hz  BW:  11.936  Hz  STOP:  1  250  Hz 

Xi  325  Hz  Y:-1.60  dBV  THD:  -8.  99  dB 

F i gure  32A 


RANGE:  3  dBV  STATUS:  PAUSED 

:  MAG  H46C41716.  3  RMS:  25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


? 

im  m  •- 
'0)  TJ 


N 

o  I 

..  in 

h-  C\J 
CK  OQ 
i>  < 


CO  X 


6S 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


n 

UJ 

< 

0- 


..  ID 

01  (\Ji 
Z)  .. 

h-  CO, 
<  5:’ 
h-  DC 
CO 


> 

CD 

3 

CO 


UJ 

U  (O: 

.(I-  . ' 

<  CD 
QZ  ID 
C\J 
-J- 


O, 

CD 

^  I 


CD 

< 


< 


>• 
I 


Q  CD 

3  n 


:g 

on 

rj 


Q. 

,o 

i — 
CO 


3 

a 


(N 


O  n 


M 

2 

'  M 

iJ 

Z 

C.' 

M 

t. 

iCD 

3 

*■ 

> 

C 

o 

ICO 

CD 

u. 

O) 

3 

Ct, 

'  • 

a; 

o 

X 

1 

«— HI 

CO 

< 

!• 

CO 

<-s> 

'  yt 

CO 

V 

1 

1 

a: 

•  • 

>- 

N 

j. 


M 

CO  X 


..  J 


ID 
^  -  C\J 

cr  CO 

D-  < 


ii 


RANGE:  9  dBV  STATUS:  PAUSED 

:  MAG  H46016836.  3  _  RMS:  25 _ OVLD 


Report  No.  NADC-91 069-60 


68 


RANGE:  3  dBV  STATUS:  PAUSED 


RCRAFT  04.  SENSOR  #6,  68%  TORQUE 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


the  BIX 
torques 
spectra 


box  input  pinion  gear,  but  this  occurs  only  at  the  lower 
of  17%  and  25%.  Figures  35,  36,  and  37  are  representative 
at  17%,  42%,  and  68%  torque. 
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4.0  OH-58  Main  Rotor  Transmission  Data  Analysis 

4.1  Test  Description  and  Sensor  Locations 

The  OH-58  transmission  was  operated  under  load  in  a  NASA-Lewis  teat 
cell.  The  input  torque  was  from  3621  to  3662  in. -lbs.  and  the 
input  speed  varied  from  6059  to  6066  RPM.  Figure  38  illustrates 
the  location  of  the  four  stress  wave  sensors  that  were  installed  on 
the  OH-58  transmission  during  this  test.  Figures  39  and  40 
illustrate  the  characteristic  defect  frequencies  that  were 
calculated  for  gears  and  bearings  in  this  gearbox  when  operating  at 
6060  RPM. 

No  other  details  regarding  the  operation  of,  or  maintenance  actions 
on,  the  transmission  are  known  to  the  writer  at  the  time  of  this 
report's  preparation. 

4.2  Data  Analysis 

Tables  VII  through  X  are  summaries  of  the  SWE  statistical  data  for 
each  of  the  four  sensor  locations.  These  tables  list  the  SUE 
statistical  data  as  of  the  End  Of  Day  (EOD)  for  each  of  the  28  days 
of  testing  along  with  the  elapsed  total  operating  hours  since  the 
beginning  of  the  test.  Figures  41  through  44  are  bar-graph 
representations  of  the  SWE  as  a  function  of  time  at  each  sensor 
location.  The  following  is  a  narrative  of  the  observed  changes  in 
the  SWE  and  its  spectral  content,  at  each  sensor  location. 

Day  0.  Total  Test  Time  =  1:25 

Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SUE  is  40,900  and  the  dominant  spectral  lines  are  all 
associated  with  two  frequencies; 

1.  The  frequency  at  which  a  planet  gear  passes  a  point  on 
the  stationary  ring  gear,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

There  are  also  some  small  lines  associated  with  the  rotor  shaft 
RPM,  5.79  Hz.  The  strongest  spectral  line  is  planet  passage 
frequency  of  17.5  Hz  that  is  about  16  db  above  background  levels 
and  has  two  clearly  evident  harmonics.  Figures  45A  and  45B  are 
representative  spectra  for  this  sensor  location. 


Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SWE  is  100,602  and  the  dominant  spectral  lines  are  all 
associated  with  three  frequencies; 
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Figure  39  -  OH-58  TRANSMISSION  GEAR  FREQUENCIES 
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Figure  40  -  OH-58  rpiNSHlSSION  BEARING  FREQUENCIES 
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Table  XI 

H-58  Power  Spectral  Density  Identification  Code 


At  the  top  of  each  Power  Spectral  Density  sheet  is  an 
identification  code  of  the  form: 

H5ai/183:33 

This  code  can  be  interpreted  as  follows: 


Character  No 
1-3 

4 

5 

6-11 


_ Mean i ng _ 

58  =  aircraft  type 
1  =  sensor  location  number 
/  =  no  meaning 

183:33  =  cumulative  test  time,  HRS: MIN 
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1 . 

The 

planet  gear  passage 

frequency,  17.5  Hz; 

2  . 

The 

rotor  shaft  1/rev, 

5. 79 

Hz; 

and 

3. 

The 

mesh  frequency  for 

al  1 

the 

gears  in  the  planetary 

gear 

system ,  573  Hz  . 

The  lines  associated  with  the  rotor  shaft  RPM,  5.79  Hz,  are  nore  of 
a  factor  than  at  location  #1,  with  an  11  db  fundamental  and 
numerous  harmonics  that  form  side  bands  with  17.5  Hz  and  its 
harmonica.  The  strongest  spectral  line  is  planet  passage  frequency 
of  17.5  Hz  that  is  about  21  db  above  background  levels  and  also  has 
clearly  evident  harmonics.  Figures  46A  and  46B  are  representative 
spectra  for  this  sensor  location. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SUE  is  128,485  and  the  dominant  spectral  lines  are 

associated  with  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  rotor  shaft  1/rev,  5.79  Hz. 

Both  of  these  frequencies  are  about  11  db  above  background  levels. 
Figures  47A  and  47B  are  representative  spectra  for  this  sensor 
1 ocat i on . 

Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SUE  is  100,602  and  the  dominant  spectral  lines  are 

associated  with  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  input  pinion  gear  shaft  1/rev,  101  Hz. 

The  planet  gear  passage  frequency  is  about  10  db  above  background 
levels.  Figures  48A  and  48B  are  representat i ve  spectra  for  this 
sensor  location. 

Pay  2.  Total  Teat  Time  =  10:35 
Sensor  #1  (Top  Cover  Bolt  #U 

The  mean  SUE  has  dropped  to  26,372  and  the  dominant  spectral  lines 
are  all  associated  with  the  same  two  frequencies; 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 
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The  planetary  gear  neah  frequency  is  about  10  db  above  background 
levels.  There  are  also  some  10  db  lines  associated  with  the  rotor 
shaft  RPM,  5.79  Hz.  The  strongest  spectral  line  is  at  the  planet 
passage  frequency  of  17.5  Hz  that  is  about  20  db  above  background 
levels  and  has  four  clearly  evident  hariaonics.  Figures  49  and  50 
are  representative  spectra  for  this  sensor  location. 

Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SUE  has  dropped  to  33,191  and  the  dominant  spectral  lines 
are  all  still  associated  with  three  frequencies; 

1.  The  planet  gear  passage  frequency,  17.5  Hz; 

2.  The  rotor  shaft  1/rev,  5.79  Hz;  and 

3.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

Th<5  lines  associated  with  the  rotor  shaft  RPM,  5.79  Hz,  are 
fluctuating  over  a  range  of  from  0-13  db  and  the  17.5  hz  line 
varies  from  16-21  db  as  shown  in  Figure  51.  The  planetary  gear 
mesh  frequency  is  also  variable  from  2-10  db  above  background 
levels  (see  Figure  52). 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SUE  has  dropped  dramatically  from  128,485  to  23,574  and 
the  dominant  spectral  lines  are  associated  with  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  rotor  shaft  1/rev,  5.79  Hz. 

The  rotor  shaft  1/rev  remains  about  the  same  at  10  db ,  but  the  17.5 
hz  line  has  grown  to  about  15  db .  Planetary  gear  mesh  is  also 
present,  but  at  less  than  a  10  db  amplitude.  Figures  53  and  54  are 
representative  spectra  for  this  sensor  location. 

Sensor  #  4  (Input  Pinion  Housing) 

The  mean  SUE  is  86,266  and  there  are  no  spectral  lines  over  10  db 
in  amp  1 i t ude . 


Da.Y  3.  Total  Test  Time  =  14:55 
Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SUE  remains  almost  the  same  at  26,372  and  the  dominant 
spectral  lines  are  all  associated  with  the  same  two  frequencies: 
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1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  7  db  above  background 

levels.  The  strongest  spectral  line  is  at  the  planet  passage 

frequency  of  17.5  Hz.  It  is  about  20  db  above  background  levels 
and  has  four  clearly  evident  harmonica. 

Sensor  §2  (Top  Cover  Bolt  #2) 

The  mean  SWE  has  increased  to  48,380. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SWE  is  25,972  and  the  dominant  spectral  lines  are 
associated  with  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  planetary  gear  mesh  frequency,  573  Hz. 

Figures  55  and  56  illustrate  17.5  Hz  aide  bands  around  the  gear 
mesh  frequency. 

Sensor  #  4  (Input  Pinion  Housing) 

The  mean  SWE  is  86,231  and  there  are  no  spectral  lines  over  10  db 
i n  amp  1 i tude . 


Day  4,  Total  Test  Time  =  19:22 
Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SWE  decreased  slightly  to  22,503  and  the  dominant  spectral 
lines  are  all  associated  with  the  same  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  10  db  above  background 
levels.  The  strongest  spectral  line  is  at  the  planet  passage 
frequency  of  17.5  Hz.  It  is  about  20  db  above  background  levels. 

Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SWE  has  dropped  from  48,380  to  27,117  and  the  dominant 
spectral  lines  are: 
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1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  planetary  gear  aesh  frequency,  573  Hz. 

The  17.5  Hz  line  is  20  db  above  background  levels  and  has  four 
harmonics.  The  gear  mesh  is  only  about  6  db  above  background 
levels. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SUE  has  dropped  from  25,972  to  10,860  and  there  are  no 
significant  spectral  lines. 

Sensor  #  4  (Input  Pinion  Housing) 

The  mean  SUE  is  90,744  and  there  are  no  spectral  lines  over  10  db 
1 n  ampl i tude . 


Day  5.  Total  Test  Time  =  23:35 
Sensor  #1  (Top  Cover  Bolt  #1  ) 

The  mean  SUE  increased  slightly  to  27,465  and  the  dominant  spectral 
lines  are  all  associated  with  the  same  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  6  db  above  background 
levels.  The  strongest  spectral  line  is  at  the  planet  passage 
frequency  of  17.5  Hz.  It  is  about  20  db  above  background  levels 
and  has  four  clearly  evident  harmonics. 

Sensor  #2  (Top  Cover  Bolt  |2) 

The  mean  SUE  has  increased  gradually  to  36,749  and  the  dominant 
spectral  lines  are: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  planetary  gear  mesh  frequency,  573  Hz. 

The  17.5  Hz  line  is  20  db  above  background  levels  and  has  three 
harmonics.  The  gear  mesh  is  10  db  above  background  levels. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SUE  has  increased  from  10,860  to  20,870.  The  17.5  Hz 

spectral  line  has  grown  to  10  db  and  has  three  harmonics. 
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Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SWE  is  86,023  and  there  are  no  spectral  lines  over  10  db 
in  amp  1 i t ude . 


Days  6-9,  Total  Test  Time  =  55:52 
Sensor  #1  (Top  Cower  Bolt  #1) 

The  mean  SWE  increased  slightly  to  28,978  and  the  dominant  spectral 
lines  are  all  associated  with  the  same  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  10  db  above  background 

levels.  The  strongest  spectral  line  is  at  the  planet  passage 

frequency  of  17.5  Hz.  It  is  about  21  db  above  background  levels 
and  has  four  clearly  evident  harmonics. 

Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SWE  has  increased  gradually  to  37,133  and  the  dominant 
spectral  lines  are: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  planetary  gear  mesh  frequency,  573  Hz. 

The  17.5  Hz  line  is  20  db  above  background  levels  and  has  three 
harmonics.  The  gear  mesh  is  11  db  above  background  levels. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SWE  has  remained  relatively  constant  and  is  at  20,770. 
The  17.5  Hz  spectral  line  has  grown  to  11  db  and  has  an  equally 
strong  2nd  harmonic  at  52  Hz.  An  11  db  line  has  also  developed  at 
the  rotor  shaft  1/rev  (5.75  Hz)  and  at  10  Hz. 

Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SWE  has  gradually  increased  to  93,120  and  there  are  no 
spectral  lines  over  10  db  in  amplitude.  A  small  4-5  db  spectral 
line  is  sometimes  present  at  595  Hz.  This  is  the  outer  race  defect 
frequency  for  the  input  pinion  triplex  ball  bearing. 


Day  10,  Total  Test  Time  =  62:31 


Sensor  #1  (Top  Cover  Bolt  |1) 
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The  mean  SWE  Increased  from  28,978  to  51,374  and  the  dominant 
spectral  lines  are  all  associated  with  the  same  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  11  db  above  background 
levels.  The  strongest  spectral  line  is  at  the  planet  passage 
frequency  of  17.5  Hz.  It  is  about  20  db  above  background  levels 
and  has  four  clearly  evident  harmonics.  Other  significant  spectral 
lines  are  present  at  the  rotor  shaft  1/rev  and  at  9.75  Hz. 

Sensor  #2  (Top  Cover  Bolt  #2) 


The  mean  SWE  has  increased  from  37,133  to  68,701  and  the  dominant 
spectral  lines  are: 


1.  The  planet  gear  passage  frequency,  17.5  Hz; 

2.  The  planetary  gear  mesh  frequency,  573  Hz; 

3.  The  rotor  shaft  1/rev,  5.75Hz;  and 

4.  9.75  Hz  from  an  unknown  source. 


The  17.5  Hz  line  is  13  db  above  background  levels  and  has  four 
harmonics.  The  gear  mesh  is  10  db  above  background  levels.  The 
5.75Hz  and  9.75  Hz  lines  are  also  at  about  10  db . 


Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SWE  increased  from  20,870  to  33,633  and  then  settled  back 
to  14,589  at  62:31  total  test  time.  All  spectral  lines  have  fallen 
to  less  than  10  db  above  background  levels. 

Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SWE  increased  from  93,120  to  104,574  and  then  settled  back 
to  98,369  at  62:31  total  test  time.  A  13  db  spectral  line  has 
appeared  at  the  planet  passage  frequency  of  17.5  Hz  and  at  the 
input  pinion  1/rev.  There  is  a  comparable  amplitude  1st  harmonic 
of  the  input  pinion  1/rev  and  an  11  db  line  at  the  input  pinion 
gear  mesh  frequency  of  1915  Hz.  A  small  3-4  db  spectral  line  is 
present  at  600  Hz.  This  is  the  outer  race  defect  frequency  for  the 
input  pinion  triplex  ball  bearing.  Figures  57  and  58  illustrate 
these  spectral  changes. 


Pa.Y  12.  Total  Test  Time  =  76:23 
Sensor  #1  (Top  Cover  Bolt  #1) 
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The  mean  SWE  increased  from  51,374  to  55,478  and  the  dominant 
spectral  lines  are  all  associated  with  the  same  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  10  db  above  background 
levels.  The  strongest  spectral  line  is  at  the  planet  passage 
frequency  of  17.5  Hz.  It  is  about  21  db  above  background  levels 
and  has  four  clearly  evident  harmonica.  Other  significant  spectral 
lines  are  present  at  the  rotor  shaft  1/rev  and  at  10  Hz. 

NOTE:  The  data  sheets  provided  by  government  personnel 

indicate  that  this  sensor  was  disconnected  at  this  time  due  to 
a  "17  Hz  oscillation".  This  does  not  agree  with  the  data  on 
tape  which  appears  valid  and  quite  similar  to  data  acquired 
both  before  and  after  the  alleged  disconnection  of  sensor  #1 . 

Sensor  #2  (Top  Cover  Bolt  #2) 


The  mean  SUE  has  increased  from  68,701  to  75,131  and  the  dominant 
spectral  lines  are: 


1.  The  planet  gear  passage  frequency,  17.5  Hz; 

2.  The  planetary  gear  mesh  frequency,  573  Hz; 

3.  The  rotor  shaft  1/rev,  5.75Hz;  and 

4.  9.75  Hz  from  an  unknown  source. 

The  17.5  Hz  line  is  16  db  above  background  levels  and  has  four 
harmonics.  The  gear  mesh  is  10  db  above  background  levels.  The 
5.75Hz  and  9.75  Hz  lines  are  also  at  about  10  db. 


Sensor  f  3  (Hast  Cover  Bolt) 

The  mean  SUE  is  relatively  unchanged  at  14,054.  The  17.5  Hz 
spectral  line  is  up  to  10  db  and  the  rotor  shaft  1/rev  is  about  6 
db  above  background  levels. 

Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SUE  is  essentially  unchanged  at  93,513.  The  planet 
passage  frequency  of  17.5  Hz  is  at  16  db  and  the  input  pinion  1/rev 
is  about  12  db  above  background.  There  is  a  comparable  amplitude 
1st  harmonic  of  the  input  pinion  1/rev  and  an  8  db  line  at  the 
input  pinion  gear  mesh  frequency  of  1915  Hz.  A  small  3  db  spectral 
line  is  present  at  600  Hz.  This  is  the  outer  race  defect  frequency 
for  the  input  pinion  triplex  ball  bearing. 
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Day  13.  Total  Teat  Time  =  83:20 
Sensor  #1  (Top  Cover  Bo  1 1  #1  ) 

The  mean  SUE  is  about  the  same  at  55,395  and  the  dominant  spectral 
lines  are  all  associated  with  the  same  two  frequencies: 


1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  8  db  above  background 
levels.  The  strongest  spectral  line  is  at  the  planet  passage 
frequency  of  17.5  Hz.  It  is  about  21  db  above  background  levels 
and  has  four  clearly  evident  harmonica.  Other  significant  spectral 
lines  are  present  at  the  rotor  shaft  1/rev  and  at  10  Hz. 

Sensor  #2  (Top  Cover  Bolt  #2) 


The  mean  SUE  has  decreased  from  75,131  to  71,136  and  the  dominant 
spectral  lines  are; 


1.  The  planet  gear  passage  frequency,  17.5  Hz; 

2.  The  planetary  gear  mesh  frequency,  573  Hz; 

3.  The  rotor  shaft  1/rev,  5.75Hz;  and 

4.  9.75  Hz  from  an  unknown  source. 

The  17.5  Hz  line  is  16  db  above  background  levels  and  has  four 
harmonics.  The  gear  mesh  is  10  db  above  background  levels  and  has 
several  17.25  Hz  side  bands.  The  5.75Hz  and  9.75  Hz  lines  are  also 
at  about  10  db .  Figures  59,  60,  and  61  show  these  spectral 

features  . 


Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SUE  is  relatively  unchanged  at  13,765.  The  17.5  Hz 
spectral  line  is  up  to  10  db  and  there  are  no  other  apparent 
spectral  features. 


Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SUE  is  up  slightly  at  93,513.  The  planet  passage 
frequency  of  17.5  Hz  is  at  15  db  and  the  input  pinion  1/rev  is 
about  12  db  above  background.  There  is  a  comparable  amplitude  1st 
harmonic  of  the  input  pinion  1/rev  and  an  8  db  line  at  the  input 
pinion  gear  mesh  frequency  of  1915  Hz.  A  very  small  2  db  spectral 
line  is  present  at  600  Hz.  This  is  the  outer  race  defect  frequency 
for  the  input  pinion  triplex  ball  bearing. 


TART:  0  Hz  BW:  954.85  mHz  STOP:  100  Hz 

r:  17.25  Hz  Yr:  -15.  91  dB  THD:  0.28  dB 
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Day  14.  Total  Teat  Time  =  87:1B 
Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SUE  has  dropped  from  55,395  to  44,457  but  the  dominant 
spectral  lines  are  all  associated  with  the  same  two  frequencies: 

1.  The  planet  gear  passage  frequency,  17.5  Hz;  and 

2.  The  mesh  frequency  for  all  the  gears  in  the  planetary 
gear  system,  573  Hz. 

The  planetary  gear  mesh  frequency  is  about  10  db  above  background 
levels.  The  strongest  spectral  line  is  at  the  planet  passage 
frequency  of  17.5  Hz.  It  is  about  13  db  above  background  levels 
and  has  four  clearly  evident  harmonics.  One  other  10  db  spectral 
line  is  present  at  10  Hz. 

Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SUE  has  decreased  from  71,136  to  60,457  and  the  dominant 


spectral 

lines 

are : 

1  . 

The 

planet  gear 

passage 

frequency , 

17.5  Hz ; 

2  . 

The 

planetary  gear  mesh 

frequency , 

573  Hz; 

3  . 

The 

rotor  shaft 

1 /rev ,  5 

. 75Hz ;  and 

4  . 

9.75 

Hz  from  an 

unknown 

source . 

The  17.5  Hz  line  is  16  db  above  background  levels  and  has  four 
harmonics.  The  gear  mesh  is  5  db  above  background  levels  but  was 
10  db  above  at  the  start  of  the  day  (Total  Time  =  84:18).  The 
5.75Hz  line  also  dropped  from  12  db  at  the  star  of  the  days  testing 
to  about  6  db  at  the  end  of  the  day. 

Sensor  #  3  (Mast  Cover  Bolt) 

The  mean  SUE  increased  from  13,765  to  18,629.  The  17.5  Hz  spectral 
line  is  up  to  13  db  (10  db  at  the  start  of  the  day)  and  there  are 
three  apparent  harmonics.  The  rotor  shaft  1/rev  started  the  day  at 
12  db  but  decreased  to  about  3  db  by  the  end  of  the  day. 

Sensor  |  4  (Input  Pinion  Housing) 

The  mean  SUE  increased  from  93,513  to  110,274  (113,343  at  the  start 
of  the  day).  There  are  no  spectral  lines  at  10  db  or  above 
background  levels,  but  6  db  features  are  apparent  at  600  Hz  and  at 
1800  Hz. 
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Day  16.  Total  Teat  Time  =  102:11 
Senaor  #1  (Top  Cover  Bolt  #1) 

The  mean  SWE  has  increased  from  44,457  to  64,036  but  the  dominant 
spectral  lines  are  all  associated  with  the  17.25  Hz  planet  gear 
passage  frequency.  The  planetary  gear  mesh  frequency  is  about  3  db 
above  background  levels.  The  strongest  spectral  line  is  at  the 
planet  passage  frequency  of  17.5  Hz.  It  is  about  20  db  above 
background  levels  and  has  three  clearly  evident  harmonics. 

Senaor  #2  (Top  Cover  Bolt  #2) 

The  mean  SWE  increased  from  60,457  to  72,877  on  day  15  and  then 
dropped  to  68,366  by  the  end  of  testing  on  day  16.  The  dominant 
spectral  lines  are: 

1.  The  planet  gear  passage  frequency,  17.25  Hz; 

2.  The  planetary  gear  mesh  frequency,  573  Hz; 

3.  The  rotor  shaft  1/rev,  5.75Hz;  and 

4.  9.75  Hz  from  an  unknown  source. 

The  17.5  Hz  line  is  13  db  above  background  levels  and  has  four 
harmonica.  The  gear  mesh  is  10  db  above  background  stress  wave 
energy . 

Senaor  |  3  (Mast  Cover  Bolt) 

The  mean  SWE  increased  from  18,629  to  19,026.  The  17.25  Hz 
spectral  line  is  still  at  13  db  and  there  are  three  apparent 
harmonica.  The  9.75  Hz  frequency  from  an  unknown  source  is  at  11 
db  above  background  levels. 

Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SWE  increased  from  110,274  to  125,275.  There  are  four 
spectral  lines  at  10  db  or  above  background  levels.  The  17.5  Hz 
line  has  an  amplitude  of  12  db .  The  input  pinion  1/rev  and  its 
harmonic(?)  are  about  12  db  above  background  levels.  The  amplitude 
of  the  input  pinion  gear  mesh  spectral  line  is  10  db . 


Day  19.  Total  Teat  Time  =  125:02 
Senaor  fl  (Top  Cover  Bolt  #1  ) 

The  mean  SWE  has  decreased  from  64,036  to  49,634.  The  dominant 
spectral  lines  are  all  associated  with  the  17.25  Hz  planet  gear 
passage  frequency.  The  planetary  gear  mesh  frequency  is  about  11 
db  above  background  levels.  The  strongest  spectral  line  is  at  the 


123 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


planet  passage  frequency  of  17.25  Hz.  It  Is  about  12  db  above 
background  levels  and  has  three  clearly  evident  harnonics.  The  10 
Hz  spectral  line  of  unknown  origin  is  also  present  at  a  10  db 
ampl i tude . 

Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SWE  increased  from  68,336  on  day  16  to  97,439  at  the  start 
of  testing  on  day  19  and  then  dropped  to  86,126  by  the  end  of 
testing  on  day  19.  The  dominant  spectral  lines  are: 


1 . 

The  planet  gear 

passage 

frequency,  17.25 

Hz; 

2  . 

83.5  Hz  from  an 

unknown 

source;  and 

3. 

The  input  pinion 

1  /rev  , 

100  Hz. 

17.5 

Hz  line  is  20  db 

above 

background  levels 

and  has  three 

harmonics.  The  83.5  Hz  frequency  from  an  unknown  source  is  at  13 
db  above  background  levels.  The  100  Hz  input  pinion  1/rev  is  at  10 
db  and  has  17.25  Hz  side  bands. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SWE  increased  from  19,026  at  the  end  of  day  16  to  38,165 
during  the  first  hour  of  testing  on  day  19,  then  dropped  back  to 
19,631  by  the  end  of  day  19.  The  17.25  Hz  spectral  line  is  still 
at  13  db  and  there  are  1st  and  3rd  harmonics.  The  planetary  gear 
mesh  frequency  is  evident  but  has  an  amplitude  of  only  6  db . 

Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SWE  remained  steady  and  finished  the  day  at  125,475. 
There  are  three  spectral  lines  at  10  db  or  above  background  levels. 
The  17.5  Hz  line  has  an  amplitude  of  11  db .  The  input  pinion  1/rev 
and  its  harmonic(?)  are  at  about  10  db  above  background  levels. 


Day  21.  Total  Test  Time  =  136:18 
Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SWE  increased  from  49,634  on  day  19  to  59,109  on  day  20 
and  then  dropped  back  to  53,917  by  the  end  of  day  21.  The  dominant 
spectral  lines  are  all  associated  with  the  17.25  Hz  planet  gear 
passage  frequency.  The  planetary  gear  mesh  frequency  is  about  10 
db  above  background  levels.  The  planet  passage  frequency  of  17.25 
Hz  is  about  10  db  above  background  levels  and  has  three  clearly 
evident  harmonics.  The  9.75  Hz  spectral  line  of  unknown  origin  is 
also  present  at  a  10  db  amplitude. 
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Sensor  |2  (Top  Cover  Bolt  #2) 

The  mean  SUE  decreased  from  86,126  at  the  end  of  testing  on  day  19 
to  78,485  by  the  end  of  day  21.  The  dominant  spectral  lines  are: 

1.  The  planet  gear  passage  frequency,  17.25  Hz; 

2.  83.5  Hz  from  an  unknown  source; 

3.  The  input  pinion  1/rew,  100  Hz,  and 

4.  The  rotor  shaft  1/rev,  5.75  Hz. 

The  17.5  Hz  line  is  13  db  above  background  levels  and  has  four 
identifiable  harmonica.  The  83.5  Hz  frequency  from  an  unknown 
source  is  at  13  db  above  background  levels.  The  100  Hz  input 
pinion  1/rev  is  at  6  db  and  has  17.25  Hz  side  bands.  The  amplitude 
of  the  rotor  shaft  1/rev  is  10  db . 

Sensor  #  3  (Mast  Cover  Bolt) 

The  mean  SUE  decreased  from  19,631  at  the  end  of  day  19  to  18,779 
during  the  last  testing  on  day  21.  The  17.25  Hz  spectral  line  is 
still  at  13  db  and  there  are  three  harmonics.  The  planetary  gear 
mesh  frequency  is  evident  but  baa  an  amplitude  of  only  6  db. 

Sensor  |  4  (Input  Pinion  Housing) 

The  mean  SUE  decreased  to  112,363.  All  spectral  lines  except  600 
Hz  and  its  harmonica  have  disappeared.  The  600  Hz  frequency  has  an 
amplitude  of  only  8  db  above  background,  and  two  harmonics  that  are 
2-3  db  each.  600  Hz  is  the  ball  passage  frequency  over  a  point  on 
the  outer  race  of  the  input  pinion  triplex  bearing. 


Day  25.  Total  Test  Time  =  165:04 
Sensor  |1  (Top  Cover  Bolt  f 1  ) 

The  mean  SUE  increased  from  53,917  on  day  21  to  56,405  on  day  22 
and  then  dropped  back  to  46,838  by  the  end  of  day  25.  The  dominant 
spectral  lines  are  all  associated  with  the  planetary  gear  system 
frequencies.  The  planetary  gear  mesh  frequency  is  about  12  db 
above  background  levels.  The  strongest  spectral  line,  at  the 
planet  passage  frequency  of  17.25  Hz,  is  about  22  db  above 
background  levels  and  has  four  clearly  evident  harmonics.  The  9.75 
Hz  spectral  line  of  unknown  origin  and  the  rotor  shaft  1/rev  are 
also  present  at  a  10-11  db  amplitude. 

Sensor  §2  (Top  Cover  Bolt  #2) 

The  mean  SUE  decreased  from  78,485  at  the  end  of  testing  on  day  21 
to  64,995  by  the  end  of  day  22.  It  then  remained  relatively 
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unchanged  for  three  days,  fini.shing  day  25  at  63,692.  The  spectral 
features  also  remained  very  stable  during  this  period.  The 
dominant  spectral  lines  are: 

1.  The  planet  gear  passage  frequency,  17.25  Hz; 

2.  The  planetary  gear  mesh  frequency,  573  Hz; 

3.  The  rotor  shaft  1/rew,  5.75  Hz,  and 

4.  the  9.75  Hz  frequency  of  unknown  origin. 

The  17.5  Hz  line  is  16  db  above  background  levels  and  has  four 
identifiable  harmonics.  The  planetary  gear  mesh  frequency  has  a  12 
db  amplitude  and  the  rotor  shaft  1/rev  is  at  11  db .  The  9.75  Hz 
frequency  from  an  unknown  source  is  at  10  db  above  background 
levels.  Figures  62,  63,  and  64  illustrate  the  spectral  features 
during  this  4  day  period,  including  17.5  Hz  side  bands  about  the 
planetary  gear  mesh  frequency. 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SWE  decreased  from  18,779  at  the  end  of  day  21  to  15,446 
during  the  last  testing  on  day  22.  It  then  remained  relatively 
unchanged  for  three  days,  finishing  day  25  at  15,373.  The 
amplitude  of  the  17.25  Hz  spectral  line  varied  from  undetectable  to 
11  db  and  finished  day  25  at  about  8  db .  The  planetary  gear  mesh 
frequency  amplitude  also  fluctuated  from  a  maximum  of  10  db  to  a 
minimum  of  6  db  where  it  finished  on  day  25.  There  was  no 
significant  harmonic  content  in  either  of  these  frequencies. 

Sensor  |  4  (Input  Pinion  Housing) 

The  mean  SWE  increased  from  112,363  to  119,837  during  testing  on 

day  22,  then  fell  back  down  to  111,516  on  the  next  day.  The  SWE 

then  increased  slowly  for  the  remainder  of  this  4  day  period  and 
finished  day  25  at  118,676.  A  significant  change  in  spectral 
features  accompanied  the  SWE  increase  on  day  22.  Figures  65  and 
66  show  these  spectral  changes  which  included  lines  of  10  db  or 

greater  at  the  planet  passage  frequency,  the  input  pinion  gear 

1/rev,  and  the  input  pinion  gear  mesh.  When  the  SWE  level  fell 
during  operation  the  following  day,  all  these  frequencies 
disappeared  and  the  spectrum  returned  to  the  way  it  was  on  day  21. 
Figures  67  and  68  are  the  spectra  obtained  at  the  end  of  day  25. 
All  spectral  lines  except  600  Hz  and  its  harmonics  have 
disappeared.  The  600  Hz  frequency  has  an  amplitude  of  only  8  db 
above  background,  and  two  harmonics  that  are  2-3  db  each.  600  Hz 
is  the  ball  passage  frequency  over  a  point  on  the  outer  race  of  the 
input  pinion  triplex  bearing. 
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Day  26.  Total  Teat  Time  =  169:08 
Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SUE  increasea  from  46,838  on  day  25  to  72,447  on  day  26. 
The  spectral  characteristics  changed  dramatically  in  conjunction 
with  this  rapid  increase  in  SUE.  The  dominant  spectral  feature 
became  a  21  db ,  23  Hz  spectral  line  and  its  harmonics.  Figure  69 
illustrates  this  feature.  This  23  Hz  frequency  is  very  close  to 
the  1/rev  of  the  sun  gear.  The  Ist  harmonic  of  the  rotor  shaft 
1/rev  and  the  planet  passage  frequency  are  also  over  10  db  in 
amplitude,  although  their  fundamental  frequencies  are  at  low 
amplitude.  Figure  70  shows  the  568  hz  line  associated  with  the 
planetary  gear  mesh, and  figure  71  shows  the  23  Hz  side  bands  formed 
around  this  frequency. 

Sensor  #2  (Top  Cover  Bolt  #2) 

The  mean  SUE  decreased  from  63,692  at  the  end  of  testing  on  day  25 
to  58,973  by  the  end  of  day  26.  The  spectral  characteristics  show 
a  dramatic  change,  similar  to  that  displayed  by  sensor  #1.  The 
only  significant  spectral  line  is  at  23  Hz  and  its  harmonics. 
Furthermore,  the  strongest  spectral  line  is  at  the  3/rev  of  the  sun 
gear,  which  is  the  frequency  at  which  a  point  on  the  sun  gear 
contacts  the  three  planet  gears.  Figures  72  and  73  illustrate 
these  features. 

Sensor  #  3  (Mast  Cover  Bolt) 

The  mean  SUE  decreased  from  15,373  at  the  end  of  day  25  to  12,229 
during  the  last  testing  on  day  26.  All  significant  spectral 
characteristics  disappeared. 

Sensor  #  4  (Input  Pinion  Housing) 

The  mean  SUE  increased  from  118,676  to  131063  during  testing  on  day 
26.  There  are  no  spectral  lines  of  10  db  or  more  in  amplitude,  but 
the  23.5  hz  sun  gear  frequency  is  a  new  feature  with  an  amplitude 
of  about  8  db .  The  input  pinion  1/rev  at  101  Hz  is  also  present 
along  with  its  associated  (harmonic  ?)  193  Hz  spectral  line. 


Day  28,  Total  Test  Time  =  183:33 
Sensor  #1  (Top  Cover  Bolt  #1) 

The  mean  SUE  decreased  from  72,447  on  day  26  to  63,807  on  day  28. 
The  dominant  spectral  feature  remains  a  21  db ,  23  Hz  spectral  line 
and  its  harmonics.  Figure  74  illustrates  this  feature.  Figure  75 
shows  the  568  hz  line  associated  with  the  planetary  gear  mesh,  and 
figure  76  shows  the  23  Hz  side  bands  formed  around  this  frequency. 


134 


RANGE:  17  dBV  STATUS:  PAUSED 

:  MAG  H581/169:08  RMS: 25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


O  > 
^  CD 
Tl 


> 

Q  CD  *-i  00 

H  Q  (D 

\  I 


j  ->s 


START:  0  Hz  BW:  9.  5485  Hz  STOP:  1  000  Hz 

X:  192.5  Hz  Y:  -20.  48  dBV  THD:  7.96  dB 


RANGE:  -21  dBV  STATUS:  PAUSED 
=  mag _ H58 1  / 1 69:  08  RMS:  25 


< 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


o 


II 

£ 

H 

Q 

U 

W 

0. 

< 


a; 

o 

w 

z 

M 

W 


3 

in 

I 

33 


LO  > 
OD 
T) 


> 

o  m 

-  TI  Q 
\ 


X 

a 

o 

c\j 


<  m 
Cl  X 


o 

00 

1 


m 

CO 


X 

> 

Q 

CD 

O 

X 

cn 

i 

in 

•• 

• 

T--4 

1— H 

m 

1 

•  • 

X 

N 

X 

ILD 

I 


IN 

in  N 
X 


LD  (O 

in  }~  in 
to  z 

I  UJ  .. 
u  X 


f. 


0^ 

i. 

a 

03 

u. 


;  3  7 


RANGE:  -21  dBV  STATUS:  PAUSED 
:  MAG  H582/169:08  RMS:  10 


< 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


in  CD 
CM  a 


X  >- 


02 

o 


U2 


C 


Q 

W 

CO 

0, 

< 

-3 


cs 


K 

C 

CO 

s: 

M 

CO 


02 

S\ 

I 

X 


N 

I 

O 

O 


Q_ 

O  QQ 
h-  Tl 
CO 

Q 

(\J 

• 


Q 

I 


N 

I 

E 

in  > 
CD  m 
.  T} 

ID  00 
Q)  O 

..  d 

:5:  CO 

m  i 


N  N 


$ 

I  X 

o  in 

f\j 

>  , 

••  • 

h-  00 

IN  > 

a  GO  •- 

CO 

q:  c\j 

XI  Q 

CD 

< 

XI 

\ 

1 

1 —  1. 

CO  X 

rst 


u 

1. 

3 

CD 

u. 


i  Jrj 


Report  No.  NADC'91 069-60 
Contract  No.  N62269-85-R-0278 


CO 


l  3  9 


RANGE:  i-aidBBV  STATUS:  PAUSED 
:  MAG  H581/183:33  RMS:  10 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


-63  _ _ _ _ - 

START:  0  Hz  ~  BW:  954.  85  mHz  STOP:  100  Hz 

X:  23.25  Hz  Y:-12.  42  dBV  THD:  -9.  76  dB 


RANGE:  -21  dBV  STATUS:  PAUSED 
:  MAG  H581/183:33  RMS:  25 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


> 

>  a  CD  CO 

« — t  QQ  T— •  "D  CD  CD 

T)  \  I 


START:  0  Hz  BW:  9. 5485  Hz  STOP:  1  000  Hz 

X:  567.5  Hz  Y:-12.  60  dBV 


Report  No.  NADC-91 069-60 
Contract  No.  N62269-85-R-0278 


Sensor  |2  (Top  Cover  Bolt  |2) 

The  mean  SWE  remained  essentially  constant  from  day  26  through  day 
28.  The  only  significant  spectral  line  is  at  23  Hz  and  its 
harmon i cs . 

Sensor  f  3  (Mast  Cover  Bolt) 

The  mean  SWE  remained  essentially  constant  from  day  26  through  day 
28.  There  are  no  spectral  lines  with  an  amplitude  of  10  db  or 
more,  but  a  6  db  23  Hz  frequency  is  also  present  at  this  sensor 
1 ocat ion . 


Sensor  f  4  (Input  Pinion  Housing) 

The  mean  SWE  increased  from  131,063  to  162,336  during  the  last  two 
days  of  testing.  There  are  four  spectral  lines  of  10  db  or  more  in 
amplitude:  the  23.5  Hz  sun  gear  frequency  at  13  db ,  the  101  Hz 
input  pinion  1/rev  at  13  db ,  the  1920  Hz  input  pinion  gear  mesh  at 
11  db ,  and  the  570  Hz  planetary  gear  mesh  at  10  db . 
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5.0  Conclusions  and  Recommendations 
5.1  CH-46  Input  Pinion  Anomaly 
Cone  1  us i ons 


Due  to  the  limited  amount  of  data  obtained,  it  is  not  realistic  to 
draw  firm  conclusions  on  this  issue.  It  appears  as  though  the 
••peaking"  of  SWE  readings  during  taxi  operations  with  the  nose  gear 
raised  off  the  ground  is  associated  with  either  the  blower  drive 
gear  assembly  or  the  idler  gear  assembly  in  the  mix  box.  Of  these 
two  possibilities,  the  blower  drive  gear  assembly  seems  to  be  the 
most  likely  cause.  It  is  hypothesized  that  small  amounts  of 
fuselage  structural  bending  are  caused  by  exerting  more  collective 
pitch  and  lifting  forces  on  the  front  of  the  CH-46  tandem  rotor 
helicopter.  This  structural  bending  the  causes  a  small  amount  of 
misalignment  between  the  oil  cooler  blower  and  its  related  drive 
gear  assembly  in  the  mix  box.  Misalignment  typically  results  in 
cyclic  loading  of  the  gear  at  its  1/rev  frequency,  in  this  case 
126  Hz.  Both  this  1/rev  frequency  and  the  SWE  increased  and 
decreased  at  the  same  time  on  aircraft  #04.  This  fact  is  the 
strongest  piece  of  evidence  to  support  this  hypothesis.  Some 
perplexing  questions  on  this  issue  remain: 

1.  Why  would  this  misalignment  of  the  blower  drive  assembly, 
which  is  located  at  the  top  center  of  the  mix  box,  be 
observable  at  transmission  input  pinion  but  not  at  other 
points  on  the  mix  box  ? 

2.  Why  was  this  ••peaking"  phenomenon  not  observed  on  the  #01 
aircraft  ? 

Regardless  of  the  uncertainty  associated  with  the  above,  it  can  be 
stated  that  at  no  time  has  this  SWE  "peaking^'  with  the  nose  high 
attitude  been  related  to  the  1/rev  of  the  transmission  input 
pinion/quill  shaft  nor  any  of  the  characteristic  defect  frequencies 
of  its  support  bearings. 

On  aircraft  #01  there  was  a  considerable  amount  of  SWE  at  the  1/rev 
frequency  of  the  mix  box  input  pinion  gear.  This  was  most  evident 
on  the  number  2  aide  of  the  mix  box  and  was  a  much  more  dominant 
spectral  characteristic  on  aircraft  #01  than  on  aircraft  #02.  This 
may  be  related  to  why  '•peaking"  could  not  be  observed  on  aircraft 
#01  since  the  amounts  of  SWE  generated  by  input  pinion  imbalance  or 
misalignment  could  obscure  the  SWE  from  misalignment  of  the  slower 
speed  blower  drive  gear.  Unfortunately,  the  difference  in  tape 
recorder  gains  make  it  impossible  to  directly  compare  SWE  data  from 
the  mix  box  sensor  locations  to  see  if  aircraft  #01  had  higher  SWE 
levels  than  aircraft  #02.  If  aircraft  #01  did  have  higher  SWE 
levels  than  aircraft  #02,  it  could  be  the  answer  to  question  2 
above.  Another  possible  factor  in  answering  question  2  would  be 
any  differences  between  aircraft  in  the  basic  alignment  of  the  oil 
cooler  blower  and  the  mix  box. 
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Recommenda  t i ons 


1.  The  data  collection  on  aircraft  #01,  or  another  h-46  of  the 
same  model  should  be  repeated  using  the  same  gain  settings  as 
used  on  aircraft  #04. 

2.  When  accomplishing  recommendation  number  1,  an  additional 
sensor  should  be  mounted  on  the  mix  box  housing  in  the 
vicinity  of  the  blower  drive  assembly. 

Implementation  of  the  above  recommendations  will  assist  in 
answering  both  questions  1  and  2. 


5.2  OH-58  Advanced  lubrication  Testing 
Conclusions 


The  numerous  changes  in  SWE  and  their  correlation  with  changes  in 
gear  and  bearing  spectral  characteristics  clearly  demonstrate  the 
ability  of  Stress  Wave  Analysis  to  monitor  the  condition  of  dynamic 
components  in  helicopter  transmissions.  The  specific  spectral 
characteristics  observed  in  conjunction  with  SWL  trends  indicate 
that  several  different  types  of  discrepant  conditions  developed 
during  the  28  days  of  testing.  These  discrepancies  include: 

1. )  Planet  gear/bearing  assembly  damage  or  damage  to  the 

teeth  on  the  stationary  ring  gear  of  the  planetary  gear 
system . 

2. )  Damage  to  the  sun  gear  located  at  the  center  of  the 

planetary  gear  system. 

3. )  Probable  damage  to  the  input  pinion  gear  and  one  or  more 

of  the  outer  races  of  its  triplex  bearing.  The  changing 
amplitudes  of  the  input  pinion  1/rev  in  conjunction  with 
fluctuations  in  the  SWE  level,  as  well  as  the  relatively 
low  amplitudes  of  the  bearing  outer  race  frequencies,  are 
indicative  of  pieces  of  metallic  debris  becoming  cold 
worked  onto  the  surface  of  the  gear  teeth  and  bearing 
race  . 

4. )  While  there  is  no  evidence  of  damage  to  the  mast  bearing, 

its  extremely  high  initial  SWE  reading  is  indicative  of 
a  problem  that  quickly  "worked  itself  out".  This  could 
have  been  a  short  term  lubrication  problem,  skidding  of 
bearing  rolling  elements,  or  a  rubbing  between  some 
rotating  and  non-rotating  structures  that  ceased  after 
"wear  in". 

5. )  At  several  locations  and  at  several  times  during  the  28 

days  of  testing,  evidence  was  present  to  indicate  the 
presence  of  particulate  debris  becoming  entrapped  and 
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cold  Morked  onto  the  contact  surfaces  of  gears  and 
bear i ngs . 

Recommendat ions 

1. )  The  observations  documented  in  this  report  should  be 

correlated  with  the  debris  indications  from  chip 
detectors  during  the  28  days  of  testing. 

2. )  The  observations  documented  in  this  report  should  be 

correlated  with  maintenance  actions  taken  during  the  28 
days  of  testing. 

3. )  The  observations  documented  in  this  report  should  be 

correlated  with  the  results  of  disassembly  inspection 
reports  generated  during  the  28  days  of  testing. 
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